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The pressure and phase distribution of sound in a fast fluid
medium underlying a tapered fluid medium was modeled using a Green's
function approach. The model predicted well defined beams in the
bottom, with apparent interference effects strongly evident for cases
at a distance from the wedge interface. The effects of attenuation on
the patterns were studied. A simple expression for determining the
beam depression angle as a function the wedge angle, the sound speed
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I. INTRODUCTION
The problem of radiation behavior in a wedge-shaped medium
overlying a bottom possesing a greater speed of sound has been
investigated both optically and acoustically. In 1971, Tien and
Martin (Ref. 1) deposited a thin, tapered, dielectric film on a
substrate having a higher refractive index, and observed the behavior
of a laser beam coupled into the film. Perfect reflection at the
film-substrate interface was observed until the changing angle of
incidence decreased below the critical angle for continued mode
propagation. For angles of incidence below critical, the light was
converted into radiation modes in the substrate.
A concurrent analysis of the acoustic problem was done by Kuznetzov
(Ref. 2). Kuznetzov developed a theory, based on normal-modes, that
predicted the following for sound propagating within a wedge-shaped
medium overlying a half-space with a higher sound speed:
1. As the sound approached the vertex of the wedge, it would
continue to be totally reflected until the angle of incidence decreased
to the limiting angle of total reflection.
2. Sound incident at less than the limiting angle of total
reflection would be totally refracted into the underlying half-space.
This refraction occurs within the region from the wedge apex to the
point where the limiting angle was attained.

3. Within the half-space, the acoustic energy would be propagated
as a well defined beam with the maximum pressure amplitude occurring at
an angle of depression from the wedge interface within the range 6 to 23,
where 8 is the wedge angle.
Kuznetzov also performed a series of experiments that supported his
theory
.
Subsequent optical experiments by Tien, Smolinsky , and Martin (Ref . 3)
demonstrated the formation of a well-defined beam within the substrate.
The accompanying theoretical discussion predicted conflicting behavior.
Ray-optics predicted refraction into the substrate after the cutoff dis-
tance (the point where refraction begins) and wave theory predicted com-
plete refraction into the substrate before the cutoff point. Sigelman,
et. al. (Ref. 4) both predicted and observed a well columnated beam in a
water-aluminum wedge system, but the observed beam was much broader than
predicted. Also, the pressure maxima for the columnated beam occurred at
approximately 11° for a wedge angle of 1.3° , well outside the limit pre-
dicted be Kuznetzov.
The primary objective of this theoretical development is to produce
a simple, fast computer model to predict the pressure and phase distri-
bution of the columnated sound beam in the fast substrate . The pressure
and phase distribution along the wedge interface calculated by Kawamura
(Ref. 5) will be used as input to the substrate model, and will specifi-
cally be used as the boundary conditions for a Green's function analysis
.
To remove explicit frequency dependence, all relevant distances will be
normalized to the distance measured from the apex along the wedge inter-
face at which the critical reflection angle is first exceeded; this dump

distance is referred to as the dump distance X. Integration over the
wedge interface will be truncated at distances sufficient to encompass
only selected modes of interest. Results will be analyzed for trends
and compared with existing measured data.

II. THEORY
Pressure and phase distributions along the bottom of a wedge-
shaped medium are obtained using an adaptation of the method of images
as prescribed in Ref. 5. The source may be set at either finite or
infinite distance, but must be maintained sufficiently far from the
wedge boundaries to ensure that impinging waves are essentially locally
planar. The following theoretical discussion uses the above pressure
and phase distribution as initial conditions, and calculates the
pressure and phase distribution in the fast bottom by utilizing the
Green's function (Ref. 6).
Figure II-l illustrates the geometry of the problem. The horizontal
x-axis and the vertical z-axis have their point of origin at the wedge
apex, with the positive x-axis forming the interface between the wedge
and fast bottom. The wedge angle is designated S and the angle
specifying the sound source location is 6 . X is the first mode
dumping distance, and is a distance determined as follows:
9 = arccos ( C 2 / Ci ) (Il-la)
c
D = Ci / { 4«f«sin(0 ) } (Il-lb)l c

































Ci = sound speed in the wedge
C2 = sound speed in the bottom
f = frequency
and D = lowest mode cut-off depth.
To make the problem frequency independent, all distances were
normalized to X by defining
I = x / X (II-2a)
V - x' / X (TI-2b)
and n = z / x Cll-2c)
The variable x' is identical to x, and g' is identical to £, The
prime designation is required for dummy variables of integration in
the Green's function development to follow.
Pressure along the wedge bottom is then given by
p(C,n=0,t) = p(0 exp {iCoat + L(E)]> ClI-3)
where P ( ^ J is the pressure amplitude along the wedge bottom and LC£5
is the phase along the wedge bottom. Pressure in the bottom, away
from the boundary, is then given by Ref , 7,
p(r,t) = exp[iu>t] 7- ( P(^) |fr X dV (n-4)
4lT I 3Z 'z'=0
= exp [iwt] R(r)
11

where G is the appropriate Green's function. The z' coordinate is
identical to the z coordinate and r = (x 2 + z 2 ) . The appropriate
Green's function, for a line source in cylindrical geometry is










Differentiation of the Green's function yields (Ref. 7)
^ , k 2 (z - z')




where k2 1 r - r >> 2ir and H , H, are zero and first order Bessel
functions of the third kind (Hankel functions) respectively. Using
equations (II-2a,b,c) at z" = the expression [r - t"\ may be
rewritten as
r - T~\ m x [(? - D 2 + r) 2 ] h CII-7)
3G
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Combining equations (II-8) and (11-4) yields a time independent
-*






Equation (II-9) is the basic equation used for the calculation of
phase and amplitude in the bottom.
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III. DEVELOPMENT OF WDGBTM
Program WDGBTM was designed to perform four main functions.
First, the pressure and phase along the interface of a wedge and
underlying fast media may be calculated in two ways, for both
infinitely and finitely distant sound sources in accordance with
Ref. 5. Modifications were made to the code of Ref. 5 to facilitate
subsequent in-bottom calculations, and to enhance user flexibility.
These changes did not affect results. Then using the first code as
input, additional code enables both the computation of pressure and
phase along a line perpendicular to the wedge bottom, and as a function
of radius and angle measured from the first mode dumping point, X.
Modes of program execution may be chosen by literal input directives
combined with appropriate numerical input. Appendix A. illustrates an
input set that utilizes all four options. Output consists of both
printed listings and graphics.
Program versions exist for execution on both a CDC 6500 and an IBM
360. The CDC 6500, with a 60 bit word, does not require double
precision for accuracy equivalent to the IBM 360 output. The CDC
version of WDGBTM has simpler varian control routines, and separate
output files for each pressure/phase variation. This enables optional
suppression of listings. Execution time on the CDC 6500 is roughly ten
times faster than on the IBM 360. For average input sets, times are 150





Integrations along lines perpendicular to the wedge bottom
were designated depth domain calculations. The program was designed to
allow specification of the field point, i.e., specification of where
along the media interface line the perpendicular probe line could be
dropped. The field point is not confined to lines directly beneath the
wedge, but may extend to points beyond the wedge apex. These points
would be values of negative x in Figure II- 1. The beginning and ending
points of the section of the perpendicular to be examined, and the
number of field points used in the interval were also to be specified.
Equation (II-9) was split into real and imaginary components before
coding. Integration order selected was over the entire £ ^domain for
each H point.
2. Angle Domain
Examination of Figure II-l verifies the following geometric
relationships
.








where £ is the distance from X to the %' coordinate of the field point
of interest and C is the radial distance from X to the field point.
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Substitution of equations (Ill-la) and (Ill-lb) into equation (II-9)
yields
2 2 1/7
p,t, - (0 -Z )
2
/ iTT \ I2k2x\
1/2
R(r) = exp —
—
£- (III-2)








Equation (III-2) is the basis for angle domain calculations. The
specification of a originating at X was chosen to conform to existing
experimental data (Reference 8) . The length of the radius, the
beginning and ending of the angular sweep, and the angular increment
comprise the input specifications. As in the depth domain option,





Theoretical development of program WDGBTM assumes the sound
source is sufficiently distant to ensure essentially locally planar
waves at the interface and the in-bottom measurements satisfy the
condition k |r-r|>>2iT.
4 Program Results
An initial set of WDGBTM runs were made in the depth domain for
a perpendicular directly down from the wedge apex. The source was
infinitely distant and set at an angle of 6/2. This limited modes within
the wedge to odd numbered (symmetric) modes only. Integration over the
wedge bottom was truncated at 5 equal four, so that only modes one and
three were considered as contributing significantly to the beam pattern
in the bottom. Beam patterns in the bottom were calculated over the range
n equal zero to 1 . 3X.
15

The initial set was comprised of seventy-five runs. In addition
to the above criteria, the runs were generated by all possible combi-
nations of the following specifications. The ration p /p was 0.95,
0.90, 0.80, 0.70 or 0.50. The sound speed ratio, C /C was set at 0.95,
0.90, or 0.85. The wedge angle 6 was varied through 10, 6.92, 5, 2 and
1 degree (s) .
From the results of the initial data set, the depression angle and
beam width was calculated for the beam pattern in the bottom. Results
are summarized in Appendix B. These results were then used to find a
simple analytical formula to predict the depression angle as discussed
in Section IV.
Other runs were made for perpendiculars at x = -9X from the wedge
apex. These runs displayed apparent strong interference phenomona and
are discussed in detail later.
Angle domain executions were made to compare with experimental data.
Results are discussed in Section VII.
B. SENSITIVITY TO INTEGRATION STEP SIZE
It was desirable to keep both the integration step size and the field
point increment size as large as possible in order to minimize total
computer resources required. Increment of 0.01 times the dump distance
(X) proved to be optimum for both integration increments along the
wedge interface and field point steps in the bottom.
To illustrate the adequacy of 0.01X increment, a series of runs were
made in accordance with Table III-l. An overlay of wedge interface
pressure amplitude for Ax = 0.01X and Ax = 0.001X demonstrated no dis-
tinguishable difference. Likewise, depth domain plots (a, b, c, d of
16

Table (III - 1)
Sensitivity to Integration Step Size (Ax) and Field point interval
size (An)
Ax = 0.001 Ax = 0.0001
bvf=0.01 t\r\=0.001 t\r\=o.oi An=o.0Oi



















Table III-l) could be identically superimposed. Use of an integration
step size of O.OOlX resulted in a calculated depression angle within
one percent of the depression angle for the O.OlX run. Utilization of
a step size of greater than O.OlX is not recommended. Within this
limitation the integrations can be carried out over 10X along the inter-
face for a maximum field interval of 10X in the bottom. The 10X re-
striction is imposed by program array size. (For the o'-s specified, 0.5
degrees in the angle domain was slightly finer than the O.OlX field




IV. BEAM DEPRESSION ANGLE ANALYSIS
A simple relationship was sought between the physical parameters
associated with the wedge system and the resultant beam.
Assume
where 9 is the beam depression angle and 3 is the wedge angle. For
.L/C
each p
. /p . and C./C , 9^ vs B was graphed on log-log paper, and the
slope ( n) was measured. Results are listed in Table 1 of Appendix C,
n equals 0.329.
Then 9 was found as a function of C../C . The critical angle, 9
,
is an explicit function of C./C
9 = arccos (C /C ) ,9C in radians (IV-2)
It was then assumed
v-^2iV
For any constant S , M was derived as the slope of a log-log graph of
9 vs 9 . Graphs were analysed for 6 equal to 10, 6.92, 5, 2 and 1
degree, and P-,/P 2 ratios of 0.95, 0.90, 0.85, 0.70
and 0.50. Results
are summarized in Table (2) of Appendix C, M = 0.772.
19

The same process was repeated for ascertaining dependence on
P
l
//P2 * Lo9-l°g graphs were prepared by holding 8 and 9 constant







Results are summarized in Table 3 of Appendix C q - -0.254.
The proposed formula is now dependent on all physical properties,
assuming the source angle is maintained at one-half 3. To remove the
proportionality sign, write
n0.329 n 0.772 , . -0.254 ,, _,
e^, - « 6 ec
rP2/P2; wv-sj






a/" 772 (P^r - 254 (IV-6,
where is in degrees aid ®c in radians.
9 calculated from equation (IV-6) and the difference between 9__
and 9 from program WDGBTM (labeled AQ and 9 respectively) are also
D D DW
tabulated on Table 4, Appendix C. A9 varies from a minimum of 0.00 to
a maximum of 1.25, with the average of the absolute values of A9 equal
to 0.36. Errors ranged from zero percent to 5.0 percent. Thus 9 gives












was developed independently by A. Coppens (Reference 6) The minimum
deviation of 9 , from 9 is 0.01 and the maximum deviation is 1.56.
DA DW
The average of the absolute value of the deviation is 0.36. Both






V. THE EFFECT OF ATTENUATION
As previewed in Section III-A.4 the pressure distribution as a
function of n at x = -9.0X demonstrated apparent interference effects
(see figure V-l) . As integration over the wedge interface to 4X
encompasses dumping by the first and third mode, and the third mode
dumps about the point 3X vice X for the first mode, it is logical to
expect attenuation effects to reduce the contribution of the more
distant mode. The initial Green's function approach, equation (II-9)
did not consider attenuation of the acoustic wave in the bottom
medium. An attenuation term
exp {-a[r5-rj 2 + n2 ]
i/2
} (V-l)
was incorporated into equation (II-9) to yield
1/2
R(h -n/4 exp(^)(^) (V-2)
/
f
prcOexp{-a[^-r; 2^2] I/2}exp{i[Lrr;-^2^[rc-r; 2^n2 1
i/2]}dr
An appropriate code modification to the depth domain routine was made.
The attenuation coefficient a was an input variable to the program.
Two sets of comparison runs were made. The first set consisted of
an unattenuated control (01= 0) and an attenuated run with a equal 1.0,
with the pressure amplitude measured down from the wedge apex. The
second set consisted of an unattenuated control plus runs with a set to
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apex. All other input variables for both sets were held constant and
are specified in Table (V-l)
. Integration over the wedge bottom was
from the apex to four times the dump distance; this was to insure that
contributions from the third mode (dumping about the point x= 3X) were
included.
The results of set one are illustrated in Figure (V-2) . Note that
the second maxima is severely depressed in the attenuated case. The
depression angle has been shifted slightly from 11.86 degrees for the
unattenuated data to 11.31 degrees with Ot set to 1.0.
Figure V-3 is a plot of the results from set two. All curves have
been normalized to the initial slope for 3 = 1.0. The second and third
maxima decrease with increasing ct, and relatively more energy is
contained in the first beam. The depression angle of the first beam
decreases slightly with increasing a . These trends are summarized in
Table (V-2).
Figures (V-4a) and (V-4b) illustrate the effects of attenuation on
different contributing modes. For Figure (V-4a) , the source was placed
at 1/3 S. With this source geometry, contributions from mode three are
suppressed, and only the first and second mode contributed to the beam
pattern in the bottom. For Figure (V-4b) , the source was placed at ^3
and modes one and three propagate into the bottom medium. Both cases
were run for a= 1.0, 0.5, 0.1 and 0.0. As could be expected,
attenuation causes greater suppression of third mode interference




Input Specifications for Attenuation Runs
C = 1500.0 P = 1.0















6 = 5.0° f = 150000 hz
X = 4.0 Source distance = infinite
5 = 2.5°
a = 0.0, 0.01, 0.1, 0.5, 1.0




Attenuated and unattenuated pressure amplitudes
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1.0 12.84 0.21xl0" 4 NONE
0.5 13.39 .33xl0~2 .26xl0~
2
1.26
0.1 13.32 0.21 0.23 0.90
0.01 13.93 0.54 0.66 0.83
0.0 13.98 0.61 0.74 0.82
Y = depression angle of first maxima
H = amplitude of first maxima
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VI. ANALYSES OF FAR-FIELD INTERFERENCE PATTERNS
The results of the attenuation investigation were supportive of an
interference explanation for the multiple beams. Subsequently, two
analytical approaches were tried to predict the location of interference
maxima and minima under unattenuated far-field conditions.
Both the Differential Change and Multiple Lambda analyses assume
very simple processes. Both assume point sources of sound at the wedge
interface located at X and 3X. Reallistically the sound sources behave
as phased arrays propagating assymetrically about the dumping points.
Phase differences between the two dumping points are non-zero. The
Differential Change formula becomes invalid as n, approaches zero.
A. DIFFERENTIAL CHANGE APPROACH
Based on the simple geometric considerations illustrated in Fig (Vl-1),
the following nondimensional formula for the change in interference
maxima locations was derived.
An =
4 (C /C ) sin 9C sin $
n n l (vi-i)
l[T)2+(l-x)2y/2 fr2+(3-x) 2y/2)
Note that equation (VI-1) is dependent only on the wedge angle 6 and the
sound speeds of the two fluid media.
A series of WDGBTM executions were made for varying C /C and 3, with
all other variables held constant. Table (VI-1) is a summary of one case,






































B. MULTIPLE LAMBDA APPROACH
The second interference pattern calculation also utilizes the
geometry of Fig. (VI-1)
. For each C^/C ratio and beta combination,
X and \
2
(the wavelength in the bottom media) was calculated according
to the equations







where is 150khz. The ratio X /x = Q
is then found and used in the relation
NQ = \x?+ (3-X) 2f/2 - [r)2+(l-X) 2] 1/2 CVI-4)
where W is any positive integer. Note that use of equation (VI-4)
assumes zero initial phase.
To find the expected maxima and minima, a plot of 1 vs iV was made
for each Q. Maxima are expected for each integer N, minima for each
N+l/2. Table (VI-2) summarizes one case of maxima and minima expected
as a result of equation (VI-4) versus maxima and minima observed on
WDGBTM output.
C. SUMMARY OF ANALYSES
Predictions from both simple analyses are of the same order of















2.5 3.59 2.59 4.55 3.76
5.00 4.70 5.66 5.56
1.25 2.02 2.53 2.49 1.76
2.85 3.56 3.16
3.81 3.72 4.77 4.25
5.03 4.68 5.40 5.13
5.62 5.54 5.90 5.94
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consistantly predicted as increasing with decreasing wedge angle.
Occasinal unexplainable phenomena, such as increasing WDGBTM An for
the 3 = 5 on Table (VI-1) and the extra WDGBTM maxima for B = 5
Table (VI-2) , were observed, but results are generally supportive of





Netzorg (Reference 4) measured pressure amplitude as a function of
angle for fixed radii in four media below a wedge shaped upper layer.
The angle domain version of WDGBTM was used to compare calculated
pressure patterns with measured patterns.
All runs utilized finite source input. For each of Netzorg 's four
experimental cases, corresponding computer runs were made with the
source distance set to 100X, 10X and SX, where S corresponds to the
actual source distance used in the tank. In all cases S was less than
10X. The integrations were carried out over one dumping distance and
four dumping distances for each source.
Figure (VII-1) is typical of pressure amplitudes in the bottom.
The source in the experiment was only about 40 wavelengths from the
dumping point, even at 10X the source is approximately 110 wavelengths
away. Since the method of images calculations utilized to determine
the pressure amplitude along the wedge bottom assume a plane wave, it
is questionable that this program can produce a realistic comparison
with the measured data.
Figures (VII-2) and (VII-3) illustrate the wide variation in results
obtained depending on the source distance and integration interval
.
Calculations demonstrate expected trends, i.e., pressure amplitude
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distance, and as a function of an increasing integration interval over
the wedge bottom. The beam depression angle becomes more shallow as
source distance increases. Results at very low angles are not
considered valid because of assumptions inherent in the WDGBTM model.
The circled data points of Figures (VII-2) and (VII-3) are a
transposition of data from Reference 4. Since absolute amplitude was
not specified in the reference, rescaling to the case most near to the
actual conditions was performed, i.e., the data were normalized to the
case X = l.o and srcd = 3.5X. The shape of the experimental curve and
the apparent beam depression angle are the only valid comparisons that
should be made.
Comparisons of WDGBTM beam depression angles with measured values
gave varying results. Measured depression angles decreased with
increasing a , WDGBTM depression angles increased. WDGBTM results were
within 6 percent to 62 percent of measured values. No correlation was
observed between prediction accuracy and source distance or prediction
accuracy and the interface integration interval. All measured beam
depression angles in Reference 8 were for the two shortest radii of
each case, the three longer radii could only be gualitatively compared
with graphical data. Possible attenuation effects were not considered.
Numerical results are contained in Appendix D.
B. PARABOLIC EQUATION APPROACH
Kuperman (Reference 9) describes a Parabolic Equation model result
for a wedge problem, and compares these results to one set of data
extracted from Reference 10.
41

The Parabolic Equation results show very well defined beams in the
bottom, with no apparent interference effects as observed in comparable
WDGBTM runs (Figures V-l and V-4) . Kuperman used an attenuation factor
of 0.5dB per wave length, a value equivalent to an input of 0.984
Nepers/X for WDGBTM. It should be noted in Figure V-4 that there is
complete separation of the beams for WDGBTM when ct = 1.0.
Kuperman states agreement within 20 percent of a measured data set
of Reference 10. This measured data is identical to Case 1 of Appendix
D. WDGBTM accuracy for this case varied from zero percent error to 22
percent error with error calculated according to the formula





1. Program WDGBTM offers a fast, efficient means of analysing the
behavior of sound in a fast bottom underlying a wedge-shaped medium.
Effects of attenuation are easily demonstrated, and modes desired are
readily controlled by specification of source location and integration
interval selected. Results of the model are not inconsistant with
current measured data, and illuminate observations generated by the
Parabolic Equation model.
2. A simple equation for calculating beam depression angle as a
function of wedge characteristics was obtained which offers sufficient
accuracy for use as a rapid analytical tool. The equation was derived
for acoustic sources placed at one-half the wedge angle. Accuracy degrades
when the wedge medium density to bottom medium density ratio decreases
to 0.5.
3. It is recommended that further experiments be performed that
would further test the model. New experiments should be sufficiently
large scale to ensure plane waves at the wedge bottom interface and to satis-
fy the k \r-r \ >>2ir criteria. Bottom media that reasonably model
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2 6 (DEG) ^DEPRESSION BANDWIDTH RATIO
0.95 10.00 15.64 22.93 0.68
6.92 13.50 19.08 0.71
5.00 12.02 17.48 0.69
2.00 9.09 12.19 0.74
1.00 7.58 9.54 0.79
0.90 10.00 19.80 29.07 0.68
6.92 17.74 26.66 0.67
5.00 16.33 21.85 0.75
2.00 11.31 16.20 0.70
1.00 9.09 12.73 0.71
0.85 10.00 24.37 36.02 0.68
6.92 21.16 31.05 0.68
5.00 18.42 26.61 0.69
2.00 13.50 19.45 0.69
1.00 11.31 14.36 0.79
2L = ARCTAN(Z/X) AT MAX AMPLITUDE
^DEPRESSION
BANDWIDTH = AECTAN(Z/X, Z/X, _ )
MEAM BW = .73
46





2 B(DEG) ^DEPRESSION BANDWIDTH RATIO
0.95 10.00 15.64 22.68 0.69
6.92 13.49 19.08 0.71
5.00 12.02 17.43 0.69
2.00 9.09 12.19 0.74
1.00 7.58 9.54 0.79
0.90 10.00 19.80 29.77 0.66
6.92 18.42 26.75 0.69
5.00 16.33 21.80 0.75
2.00 12.02 15.53 0.77
1.00 9.09 12.90 0.70
0.85 10.00 24.37 36.28 0.67
6.92 21.16 31.22 0.68
5.00 18.42 26.93 0.68
2.00 13.50 19.70 0.68








2 S(DEG) ^DEPRESSION BANDWIDTH RATIO
0.95 10.00 16.33 22.39 .73
6.92 14.20 19.19 .74
5.00 12.79 17.33 .74
2.00 9.82 12.13 .81
1.00 7.58 9.87 .77
0.90 10.00 20.46 31.00 .66
6.92 19.14 26.93 .71
5.00 16.33 21.90 .74
2.00 12.02 16.38 .73
1.00 9.82 12.95 .76
0.85 10.00 25.03 36.94 .68
6.92 22.44 31.72 .71
5.00 19.14 27.65 .69
2.00 14.20 20.10 .71





















































0.95 10.00 17.74 22.73 0.78
6.92 15.64 19.80 0.79
5.00 14.95 16.91 0.88
2.00 9.82 12.68 0.77
1.00 9.09 10.26 0.89
0.90 10.00 22.44 35.53 0.63
6.92 21.80 27.16 0.80
5.00 18.42 23.70 0.78
2.00 14.20 17.64 0.80
1.00 11.31 13.87 0.82
0.85 10.00 27.20 42.80 0.64
6.92 25.03 34.33 0.73
5.00 21.80 31.00 0.70
2.00 17.07 21.40 0.78





















Average n = 0.329
Standard (N-l) deviation = 0.014






























*Rejected data point Average M = 0.772










































Average q = -0.254













9 BW K 9 DC A9D
0.95 0.95 10.0 15.64 17.54 15.35 -0.29
0.95 0.95 6.92 13.50 17.08 13.60 0.10
0.95 0.95 5.00 12.02 16.94 12.22 0.20
0.95 0.95 2.00 9.09 17.32 9.04 -0.05
0.95 0.95 1.00 7.58 18.14 7.20 -0.38
0.95 0.90 10.0 19.80 16.94 20.12 0.32
0.95 0.90 6.92 17.74 17.13 17.83 0.09
0.95 0.90 5.00 16.33 17.55 16.02 -0.31
0.95 0.90 2.00 11.31 16.43 11.85 0.54
0.95 0.90 1.00 9.09 16.59 9.43 0.32
0.95 0.85 10.0 24.37 17.77 23.61 -0.76
0.95 0.85 6.92 21.16 17.42 20.92 -0.24
0.95 0.85 5.00 18.42 16.87 18.80 0.38
0.95 0.85 2.00 13.50 16.72 13.91 0.41
0.95 0.85 1.00 11.31 17.59 11.07 -0.24
0.90 0.95 10.0 15.64 17.31 15.56 -0.08
0.90 0.95 6.92 13.49 16.85 13.79 0.30
0.90 0.95 5.00 12.02 16.71 12.39 0.37
0.90 0.95 2.00 9.09 17.08 9.16 0.07
0.90 0.95 1.00 7.58 17.89 7.30 -0.28
0.90 0.90 10.0 19.80 16.71 20.40 0.60
0.90 0.90 6.92 18.42 17.55 18.08 -0.34
0.90 0.90 5.00 16.33 17.31 16.24 -0.09
0.90 0.90 2.00 12.02 17.23 12.02 0.00
0.90 0.90 1.00 9.09 16.36 9.56 0.47
0.90 0.85 10.0 24.37 17.53 23.94 -0.43
0.90 0.85 6.92 21.16 17.18 21.21 -0.05
0.90 0.85 5.00 18.42 16.64 19.06 0.64
0.90 0.85 2.00 13.50 16.49 14.10 0.60








2 9 DW K 9 DC A9 D
0.30 0.95 10.0 16.33 17.54 16.03 -0.30
0.80 0.95 6.92 14.20 17.21 14.20 0.00
0.80 0.95 5.00 12.79 17.25 12.76 -0.03
0.80 0.95 2.00 9.82 17.91 9.44 -0.38
0.80 0.95 1.00 7.58 17.36 7.52 -0.06
0.80 0.90 10.0 20.46 16.76 21.02 0.00
0.80 0.90 6.92 19.14 17.70 18.62 -0.52
0.80 0.90 5.00 16.33 16.80 16.54 0.21
0.80 0.90 2.00 12.02 16.72 12.38 0.36
0.80 0.90 1.00 9.82 17.16 9.86 0.04
0.80 0.85 10.0 25.03 17.47 24.67 -0.36
0.80 0.85 6.92 22.44 17.68 21.85 -0.59
0.80 0.85 5.00 19.14 16.78 19.64 0.50
0.80 0.85 2.00 14.20 16.83 14.53 0.33
0.80 0.85 1.00 11.31 16.84 11.56 0.25
0.70 0.95 10.0 17.07 17.72 16.59 -0.48
0.70 0.95 6.92 14.20 16.64 14.70 0.50
0.70 0.95 5.00 13.50 17.60 13.21 -0.29
0.70 0.95 2.00 9.82 17.31 9.77 0.05
0.70 0.95 1.00 8.36 18.51 7.78 -0.58
0.70 0.90 10.0 21.16 16.75 21.75 0.59
0.70 0.90 6.92 19.80 17.70 19.27 -0.53
0.70 0.90 5.00 17.07 16.98 17.31 0.24
0.70 0.90 2.00 12.79 17.20 12.81 0.02
0.70 0.90 1.00 10.59 17.88 10.20 -0.39
0.70 0.85 10.0 25.64 17.30 25.52 -0.12
0.70 0.85 6.92 23.12 17.61 22.61 -0.51
0.70 0.85 5.00 19.80 16.78 20.32 0.52
0.70 0.85 2.00 14.95 17.13 15.03 0.08




p l /p 2 C l /C 2 P 9DW K 9 DC M D
0.50 0.95 10.0 17.74 16.91 18.07 0.33
0.50 0.95 6.92 15.64 16.82 16.01 0.37
0.50 0.95 5.00 14.95 17.90 14.38 -0.57
0.50 0.95 2.00 9.82 15.89 10.64 0.82
0.50 0.95 1.00 9.09 18.48 8.47 -0.62
0.50 0.90 10.0 22.44 16.31 23.69 1.25
0.50 0.90 6.92 21.80 17.89 20.99 -0.81
0.50 0.90 5.00 18.42 16.82 18.86 0.44
0.50 0.90 2.00 14.20 17.53 13.95 -0.25
0.50 0.90 1.00 11.31 17.54 11.10 -0.21
0.50 0.85 10.0 27.20 16.85 27.80 0.60
0.50 0.85 6.92 25.03 17.50 24.62 -0.41
0.50 0.85 5.00 21.80 16.96 22.13 0.33
0.50 0.85 2.00 17.07 17.96 16.37 -0.70
0.50 0.85 1.00 13.50 17.84 13.03 -0.42
Average K = 17 .22
Standard (N-l) deviation = 0.51










a 9 DW BWw 9 D
BW
1 1.60 24.5 10.33
1 1.10 22.0 11.34
1 0.8 3 19.0 12.88
1 0.66 16.5 15.27 13.5 15
1 0.55 14.5 18.38 15.5 15
4 1.60 23.0 6.28
4 1.10 22.1 8.19
4 0.83 19.0 12.20
4 0.66 16.0 13.88 13.5 15
4 0.55 15.0 14.71 15.5 15
1 1.60 17.5 19.26
1 1.10 16.0 20.29
1 0.83 16.5 20.90
1 0.66 13.5 22.41 13.5 15
1 0.55 12.5 23.19 15.5 15
4 1.60 16.0 13.85
4 1.10 13.5 14.96
4 0.83 13.0 15.36
4 0.66 12.0 15.67 13.5 15
4 0.55 12.0 16.33 15.5 15
1 1.60 16.5 22.68
1 1.10 15.5 23.27
1 0.83 14.0 23.91
1 0.66 13.0 24.81 13.5 15
1 0.55 11.5 26.00 15.5 15
4 1.60 12.0 15.18
4 1.10 12.0 14.93
4 0.83 11.5 15.25
4 0.66 11.0 15.94 13.5 15



















3.50 1 1.21 21.5 18.31
1 0.83 17.5 20.60
1 0.63 14.5 24.19
1 0.50 12.5 26.62 13.3 15.5
1 0.42 10.0 27.41 14.0 14.33
4 1.21 22.5 15.04

















10 1 1.21 18.0 24.19

















4 1.21 16.0 16.07

















100 1 1.21 18.5 26.64

















4 1.21 14.0 17.65



























s x max a 9D BW
6.15 1 0.58 13.5 30.13
1 0.40 8.0 32.50
1 0.30 7.0 33.47
1 0.24 7.0 35.75 16.4 25.5
1 0.20 7.5 38.56 20 21
4 0.58 14.0 24.62
4 0.40 10.5 30.65
4 0.30 10.5 35.06
4 0.24 10.5 41.51 16.4 25.5
4 0.20 11.0 20 21
10 1 0.58 14.5 24.60
1 0.40 12.5 30.47
1 0.30 11.5 35.89
1 0.24 11.5 41.62 16.4 25.5
1 0.20 12.0 20 21
4 0.58 14.5 33.94
4 0.40 9.0 35.10
4 0.30 7.5 36.04
4 0.24 7.5 38.04 16.4 25.5
4 0.20 7.5 40.78 21 21
100 1 0.58 14.0 35.19
1 0.40 8.5 35.83
1 0.30 7.0 36.47
1 0.24 7.0 38.37 16.4 25.5
1 0.20 7.5 40.82 20 21
4 0.58 13.5 25.14
4 0.40 11.0 30.32
4 0.30 10.0 35.38
4 0.24 10.0 40.97 16.4 25.5

















3.10 1 1.31 18.5 15.88
1 0.90 14.5 17.62
1 0.68 13.0 20.75
1 0.54 10.0 22.84 12.67 12.88
1 0.45 8.0 24.58 14.7 13.5
4 1.31 17.5 9.65
4 0.90 15.5 13.38
4 0.68 14.0 17.32
"4- 0.54 12.0 21.72 12.67 12.88
4 0.45 11.0 25.21 14.7 13.5
10 1 1.21 17.0 21.32
1 0.90 14.0 22.55
1 0.68 12.0 24.35
1 0.54 10.0 26.14 12.67 12.88
1 0.45 8.0 26.62 14.7 13.5
4 1.31 14.5 13.80
4 0.90 13.0 15.71
4 0.68 12.0 17.96
4 0.54 11.5 20.56 12.57 12.88
4 0.45 10.0 22.32 14.7 13.5
100 1 1.31 16.0 22.58
1 0.90 13.5 23.71
1 0.68 11.5 25.18
1 0.54 9.5 26.56 12.67 12.88
1 0.45 7.5 26.76 14.7 13.5
4 1.31 12.5 15.05
4 0.90 11.5 15.87
4 0.68 11.0 17.27
4 0.54 10.0 19.32 12.67 12 .88
4 0.45 9.0 21.15 14.7 13.5









































































































































































































































































































































































































































































• oo os < o
X \- LUO o o
o a o: H-S <
• Z < LU o~ LU h-
z ~ o > ax f- LU V.'W.'v
o O 2 3!< M co r«.r^r»f«-
»- ZOO OS ct •• • • • •K LULUI— O o 2 z mLnmmO 1- — Of v.<^«-«»^<—
I
LUCQ O^QN « LU • o O"^ LULU LULU
- x z;?lui—- COX ^
<LU O -»<Or*ja£oo a. <s f\JS"» - • m
-JO 1— 00 i—«i—tutu o< >l- II II II IIOO t— SLUOoO-iXUJ h-O o X •CO
OLU O oluzu-K—ac OO Q. 3TO (NJ2 CD h-QCi-iQZ O oOOi o _l < Q^QfMOrvJ
< LU l-OZ QO-LU I-LU o o o 02oq:>ll
OLU o»— OLUZV-OoOO ZQ. < zX OoO UlQ>i«tZUJ« LU H- < LUOK lu<lu «oi a: s-o LU •> o o >XXXXXoo - • 3ll(Jt- LUH- »CULU LUO CO LL o o z ••t/Mr>LnLfMri
oo OoO oooluco —ik-_j ae-* •» k o <Vl < (NifM >*•>•>
oo QZ3 LULULU<_) X<ZO o M OS * o 1— O ».N.fs.h_f*.
r»jm LUOO II2U.OUJUJ>'-Z Zoo o —an o —
<
00 cc • • • • •
-»-l_) i— t— ziaa: <i "XI—
•
cC OOO CO M »<nTMnmir>OO LL<_J LULU<h-<LUU_ m QCCZ <-* a o —i H-— ~< -—' —
<
hh — O ZZII t-OLU >o m4 0-*C\J t- 0<T LULU LULU
OLULL. •— 1—(— H-LU »UJ2 O—• LU a • > •s. a CCO •.•.«
oo LUOO (jri>->££WLLQ ac —<•»» •> o s: •• » • •
oo Q.<00 QQZZQOCI- D3ZOZ • m *. s t-H Ooo o fNIH- II II II II00X< LULUi-i»-iLUO ZZO< LUO f\J z—cx: a. NH o OO <MM Q. LULU 2zSOujoowa:so o <Q.O —a •Q. -^ V-
t--J LU *— Q-Q->> !\IOw3 OLU3TO • I- z * MO LU -47^0^111
0.0 COOTi cooo^- t— lu> ct t— cjuj <f co r~> -« B-l <!»-* 3»C£ X Oi-iOr*?>cO
itiST ^-a. "-""*X LL«fLUX0C5-O C 1—
«
a >—oz i-iOO o 1—
o< t-<z qqooooho _jar*-<-• OLUOO o O Ooo U- — o — to •• •» «» m
• • oo >-• ZZZZ ZoOOU. ZaC- «» •*o— « _J— .—.r- o LU oxxxxx
oo OLU OOluuj ii <luo II O om <omOO LUin »a: • >- ifMriLnmLOLn
LULU •SLCC-Z. OOOO O-JUJ JUJSQ O^Oh-^H Zrg— Z<\Jtf^oo<- 1 o -J 0-^r\j(N<NJf\J
• • o-i oooO OSZ<XOOXOLU OLUOLUOLL.<0^- »o^luc 1 <r -*>>.
** 1-00 II IIDQC<UH01ZHS3 -*ir\oco-4^ —
*
>— ji-<!-L.Zii-\uJ i| o •v.




-*CMI—^OOLU II O II Z_J ir\H->t ii inK irvh-ujm»-u. ZLO -J -—kXX ZOCLU >-«f\JOOLU^»-iX ZO «—i_J w< ~<o—<x*-< c!>"*>—» < LU<
oo -iQ-qe: ooa:QCcd>Ol—ll<i-ZS< QZ II <QSJQS:OQSJI-hQ o l~Z
^.^ <a: 1—< CCO< ct^-< cC -J ZLJ ~aC
U-LL, LUOk-«luluozluollluo<oocx: oca
i ii i c£LLO-COl£U_<c£U.i-i<XU_OOOoO 3U.
•»*•«.*
o o o O tf\ o o
o o ^ 1 CM (N m m












UJ Q£ z 1-o— UJ < o
v» H- 1- z
u_>* a < 00— o
U.I*- z
-J •"-•"N. LL
o • < o^ am
• in oC • < z
OO H--* UJ OUJ _Z OUJ cc U. UJ_J 00 1—
< o •» O M(J5 < <




"^ Q «^ UJ-4 OO z -J< UJ
-J
r- <* —» OCM UJ O < oo LL
• cc o a • CC-* >-* Zuj < O
m
_J z:- Q-> 00 2 QCOO X
^ a o oo • O o< a. *x
UJ H- z UJ UJ I ujqc: h- zx •
«» o < _j I— qCLU h- • a o> >
'• OO oo «» co <(NI O.CQ — O •>• z> o
ii UJ QO z H-X _l> XT —
4
CO x » < M.
UJ UJ o • hH 00UJ O ujo o r»-X UJ * 00




o •—4 CCZ —
»
X
z Q UJ ao»-* a. < OUJ o * z o • «k o< —
•
XQ.
< O •4 * — s oz > w UJ UJ. 00 H- 1 O. ••
• v.— • <x^o UJ 00< *v ^4 h- 2 o • oooo 1-4 <o.
LU — z •v cmllh-clooo: _i> UJ3 o < ZQ. UJ»-4 w OS"
o «_• »»4 ~o 1 UJ<UJU_ Jm — LL w o CC <3! ceo >- <
a: z •—Q.'V.* CQU3E «o XX OCUJ -J o >-< a. < "VCL
o < oo a. -h 1 •— •Ouj 3C aa UJX * "V <\JU_ u. 00 o o »
a 1— UJ #OOZOJU 00 << OOh- oo 1-4 UJ LUUJ —1 >>




oo k-4 CM of 00 Otf TW •JUL l-h-
a o ooocjoo »<r "* <00 r\ n «v _j • 3 h-?' •o 00 00
•> 2 ocoa •O-*x>- CC »* * <-4 0£CM>» UJ -• »V1 UJ -• >•t-<»-4X * < QJOJ- OOoo IJJ'JJ -4 UJ *o <-> o CO OXoO UJS + i— ooa.00
cm <OOC '—^vOrsjNM o> ss> l-Z # HQ < h-CMUJ l-UJ ii oo —s:«i
>* o 1- l-Z< O *Q zo CCCC <3 0>* >*o -J ocmq: <.CC —i+*1 II 00<X
a a: UJ<Q"»xO ,HV.- <* OO 1 -J o CM ae • -h^Q. JU^w>C 1 00O.Q.
o UJ CO X ••^ » ccuj -Z.-Z o ONUH —
i
UJ *«s,« r>z —UJ
• > II II —J >o—x o0 —I CMCM o • •O O II V- >Ow cji— I.OII II — Q^ II II




a ou 1 uj<cm XX <oo II II CM cc UJ< <u_zir»>-.s: —
ii o <-j-j ii Xk-3r"v -a. II II It OO II —
i
-*o 2 v-s oo —> — —>CC-J>—*
l-OO a. -«a: -*<\j<\JOZ N1QC iII 00—'O-J—^-
— iil2ZO<ao -4<N> ZCMO-iX"- ceo o»-i>z<<x















-* o< o •w >*
z «-• o. u r\j<\j r-o CO az »-J • • •H < OluO< inirwtrt
—
-J oXluu LUU-LO-^
a > Z3H » M-lU.
CO o
•>
•-. <zOh XX • •••^ooxx







X CO -OhO <r
Q. O < <LU< 1- — LU
•> Z
-J XLUZLU < XQCQ
• O X 0.U-O_J wQ "vLUOM
-J Or _jLU O o X NJOOQt
**— < • •> < LUZ z ' 4—*3a
<h- o mm z wluo:< tart oox<
o. • LU z -4 o o< •i za.^t-oooc
•in O »-« O + *- h-Z z M4 —»Zkjluk-o
~«* O >- o z -» - 2UJO0H-I X «—.w zu.
t—LU H- >— LO w z luc*::? •i X «*XLU
~^ » •— -» o • z z CO i—LUOLU X <ZI-I-ZLU
Z— _l Z -1 o QC * UliNj < Z>-«|jJQ.UJOC£X a. «» a. o < LU N-ctTk-cC z << LUCtZ
oo z H- * — z K- X LULU<< < f-zooo<luoz 2i-Z*H < < en !£ o o h- U_t— —!_J H-—
>
> •• o O — -5 •» -J— LUZO 1-* LUlfl •o«s«oo
•** LU -J u_ *.- M CLC' o o>—o< »M O ZO i~
«* • a: LL -?^- —
»
OCT \~ O -)> CD ujxzzxo
Min o O LU z~z «-» •QN z LU<< LU—< C0h-i— »-«|—
WiM 00 O z—oc —
s
Z 1 •w zoo coxx <Q-OXQ.X
>UJ CO • "v 3 *<o OflC 0£ ao i— <ma H-LULU^LU^s.
>» LULU i— .^CLZ H-> a • 2" mSujCI W- »-J ujfifflrn>
m octo r\J t*> Y — V nZ-'ZO o 1- TZ LUh-<
~ » Q.O <—
»
Q3!a: _J II II •o<—«o •» w <LUH- • — i^ » » •» ^ •»
ox LU o <oca a. II O^"--«-» • 1— O00 00 •m»soxxxxx





<* UJ_)0 Ou.Oir —i —i (M c\j rg rj
-^ —
—
**ic0^> l-l-)^ h-ooooa.^-0 o k<<*Z ^W^HKNJN*
• LUUJ X HO LU *-. -JLUOt-ia Q.Oo LU (-ZLUO LU <Mrn<\ju. •^
vOwtlD v-v- II II -J tn^ »-io _ix <r s* _i -4 h- <<fivi«-t -5 fc-*^ »^ sO^.
—^-Z2 o <\]ll II z < o<«-za-<o<a. z h- z LOh-LOK- wH-jj<— —
-JLU —
I
< o o inH-ar^- a l-H zotoa Ml '-'<—< LU<
l-ZI-^- OlO OCvJH-ZZ || to HOOIKJJJJJH- <KhO >- ozosri—
z
«^Z2 X^LU-H»-i JOZJJJJJ z <a:<a:i»-4Q£
fl^OOO 0£"uc0>o.Z OQ.za<««o o Luaujooca
2LLUU OOOOOZ QOOUOOUOUO u <xllo:u.3u.
*«•«•*
OO-i in o O <N O
moo o o o a LO















UJ MM LULL 00
rsj H- CC
-J
— a > <r
_l a. UJ> QC
< X O O
*** > K> ** *v UJ
- ae t- m H-
mm < I« CM M Z









UJ LU Q zx » QC O (X







car <o -j z o— •00 cf ^ >
UJ *— • *i •—
•
00 i_) o<* * UJ < QC
h- a<f UJ w a: UJ .1- 1- 1- <
< a: H- UJ sr OUJ t < LU z
_
•^ < — a:«-« UJ O X z MM
UJ a -i UJOC t + UJ a X« ai -»-» X -J a. h-a. cC 1- -i 2: w <
r* o omm >- u_ -* a < < 2: y- X
• u_
-JO. Q >— UJ«—) • 00 ct t—
«
in o •^ -j OXOO < Z * a
— 00 Z>* • x>» o O Z >-pg UJ 00
ll 3! < UJ a. SL o i- a UJ-* t— < z
» OCT wX - «*— z >— »>—
•
•# 1— • <
X UJ Zf\J < uo -1 •—
*
_lo0H- o«- < —
»
*
in 1— <z cC UJ < < Q.Z< z— 1 00 -J
•> h-2—-» O • *CQ CC H- xa_i <_l UJ «« _J X <
a \- Q MM LU> < o UJ <m-o • —1 CO 0. <f CNJ UJ
II z Q.Q. I--J —'1— UJ 1—
o
0— X z CC —.—
< * ZUJ ZUJ - #3! UJ<-J OS V UJ 00 3 2:5:
<< 1- O* * m-*- «_• z ceo I0C< oa: < — w UJ a: a:XX oo OQ < 1- 1 M —-a hOO •a 2: "• X h-h-
O.Q. z QOOO ace < —i -»zo UJ oz *m 2: 1 K 00 00
-J_
J
a O .OQ i—
<
nx -5 UJ 1 2 • UJI-Z -j •> UJ f*- a: XX
<< o •NUMn a. _i<r M T * CM -^MN •or *m • UJ M cc a. a.
• f\J—«r*-r*. UUUJ U_3T •-M M- *:** <r»-«<i —ILU 1 r» _lo »- -J UJ ^1-.-
—» P» a -M»l- • • aioo Q< — * _j x OO • >- -J-* _J > ooz
fOX o QJOO < <-»h--H II LU >-«. 0>0 oo II -»»-< ta- <-•* UJ «-• O—
oo SO— CL'JJ UJ H <I-H- OQCO oo _JX _j << vo X Uo0
-*Csl ^- 0O0OZ LUZ "N.«- + i < OUJUJ _i<r • • JJv 0. O.H. < a. 2: OO
rsj « UJ -QO« CCO ^ _l -J <zs oo^_ 2: LU X
»>% to a. u</i 0.0 > II U 3 LL II II UmO 21 < II >-• a 11 00 II II
sC>- II OQ o ^o «. > Q Ol- ii it +e X
—i— 2 II 2UJ UwO _J sra: 2<»- ino UJ 2:— UJ 2: 2 00O0
UJ< o 2T II II Oct: II z in < II aro oto JSZlfi2 X QC X cC a XX
h-S Z XOC z< MM II <N a K00 Z«->CD ac<- CM>I— h- 1— - ^— z O.Q.
—a OsJK— "—•*—• MM< <UJ< Xx II — UJ a. 00 O0Z
OCO zzaa XH--0O KQCH- OO Qllw 2: X o«
su. 33UV) OUJ-5Q UJQ.UJ 0OOO_JQmmX < a Oo0











< • o <<
X S o o
a. o • O^v
m 1- vO Za:
•» 1— —
.
*«v <wX •a. o > o
(M S. CO fc-t o LU II
^»*» *» ^m s o o Ct
S_j •» w» LU o t D<
—•cc (N m 00 X •i LO oo s:ss * LU X H- — ooo
















< LUZWM a. CC —.—
*
> o x<









1 + a: V Q.O - <N -» LUO
1—11—
1
vOI- •b S^» — M —
»
o l-OXX jr •4- a: X < » -j CO o Q <QQ QC»-I in< 0> z:r*- a. < o o -IZST (MCNJCL m4 m- • 3T _J o • ->uj
** 33 * •> m COLO < X • <N —* o>




ss oil— i— oo LU — LU LU •> » -5 <o
acet * h- a: ^ o 2: » QL s 1 •> o
h-l— JZ QCO< -1 z z:x o < tm. a. <
O.O. Of-* 1—II—
1
—«<OQ- 3 < ~o 00 H> 1—1 -J s— LU
ss 5TS QlQ. *a. —
-
00 H- X-4 00 LU X —
«
<a oac
<< Mat"* oo *£-*— <\i LU 00 o. •• LU —3 «v <i_« coo^ ooXX w ~H-OZ o <£ M* ON CC m * OO 0. OCT OLL
** uu Io:q< o O-JS • O. 1 CO co->z: • i
# * <to.aro»- o UU -?h-LO »<t <-j< < • cas:
toon + + >-OoO •«! • X r>j •~-n—
<
LU • i— o <5- i— • zo
X-p oo TrujTOOQ o — -4 LU X tOXOLU-»«--H>- LUO Ml-
Q.O. QQ _|Z oca: i— • .—» * —» * h- LU< »OCMH- co o » 2m.
ooz oo cc>-* >-»— II CD II 3 II II 1- OX II ox COS »w.»QC II w • CO
o~ • • s-s LULU uu 3 oo OO h- <<octzo ii l-O -in
OoOlT \ oo oo C£a:~• II -» •*»o— o >OMs:cof\j o I-K-SIHJ -J—
»
-j
>t 00 00 clo.^ ^N-i^iO^ t\JN»srsi -J LULUV-OOOOQm..— aKO OLU
ii ii miu it it lu iLU *:— s^j-sclo^lu LU •>. •> LU Q- Ohq. -JLUO-OOLULLX
t\JD 3 II II 3 II II —•^>-(y—(nj—5 M- sO—0>0—'3 ii II _jx<i ii ir\»-i"->;r_i*M3 »—j: Z-iZlZ z x*;q.<oo oOZ M) -l-0"»l-Z 2 -* a<o o^z<o- ZLU
cc~>a\tm QC-h<-i_JS mioCmhQ.,-SO.IOIh a: LU'<r«-LU<'-"
•
O cos: Lur-a*-1 OhI2
ssi-i-rsi-QCMiM>h-h-0<< Q.I—Q->— 3 1-riMi-Sh z ll<< -J -J .J -i rvJ 3!- -J -J l-»- 1- •-*MM 2:-"-zzsziicizi-rws s:z mC£ -aCZ i— t— -j—
»
i«r <Z-J_I z
Iiaoil03DO«l-UJI-li.hOl-0 ocooocoo >LULU<<<00 COO<<00
UOOOOOOt/)</lUaitflOCD>-1 COOCOO "SU.02LUO mOOUUOOIQOUUOOU
o ir\ O >oo o oo in o
<r >! 1r\ >4"0 o oo O o
IX\ ITN i n mm >o oo r*- ^- o














-J > z3 QC x<
• O < h-O
•^ X Z oo
*: oo *i CD
< .a* o LUH •» _» < OX
— 00 < X l-HX • LU o • \- •—
t- OO LU o z LU LU Zoo
•» •lu ac z •-•'v 00 CD o a*-«
XLU O •-< is — 3 —»o z M X
<i O-ifLOLU X 1— »S sv'X.V. ZQ < « » XLU
>— <OLUO 1— <_)« CMCMCMCM c* <o o • <N OX
LU OLULU CJ 4 • • • • LU t— • -J z oo -» * O*-'X OaCZ h- in inin in h- O-t < M cc O •» oi
h- o o*- » 0<U_U-LLU_ < LU X LU z z Xa
H-ZUJ Q 2Q »•»•» -J *V. 0£ H •—
•
M O a
_J -QH Z LU XXXX t* -i X J LU"—
•
< Q Z LU XV-OOOO cc —.«— LU 0. 1— oo H-X
h- LULUZLU X ^^Hi^><H O o*-» X S 1-4 CL 0.
— INI_J»-tX • h- OQ. »••»» LU oooJa 1- 1— LU LU •
CL -lO LUOO O z- - • - OOOO *m*m -J #-»*- Ooo
< JZ'Aia:iii •*— II II II oo ooozs • XO 3 i£ 3ZO <<_)<_} LU m 13 II «KO X • • t<f LU O.LU X -»<t 1 i—
n
x oza: C5 LUZ l-h-Z c£. ooo—x »— <C0 >-*»« —* •—
*
LU 0iC3Z«-'O LU CC »—— LU LU i—
<
LU cococoZcm < OX •J LU-» _ih-
-J OZ< LU CO X<XXX H« -4-«^<Z QC 1— < 1 I<N a.<
o Z*- oc:a X h-x v.h»»-< H-3—«-» O . *0£ a: l-*X Xci
z ZO< H- ooa: h- 1— SSSO *->— LUV o <o
< ••OOZZ_JLO U QwO-O-UJ z *O.Q- I--J *» 1 LU >^oo<^- LU
U-3"-<-D • <<x < •—•—"—•«- ZLU z H- «OSZ LUI—
LL OnOQOO •» <UJ<OOI— K aaa. o** — 1- *»o Z —0030 xz
a QLUZZ <--x_is: 00 oo < >-z i—
<
Om • »-—
00<CDLU<Z x-•OOOOQO. z ***oooo Oo! <LU -o + oo*r\i
z i-a: <r K- OXwZ"-'UJZ< o O «QQ l-<f ox -5 LU *«- * LU>
n 00 LULULUX -o i-*inoo<f oocoluo o iBOu • cMinin a. _JH- •• X C5 —<* S-Q?
— wiuiiri- a. 00 LU^Zr\i«-*f\j<\j LULU II Qd —4 - LU<^-y<I <l<r
h- WIIh-Hh- Z f\J^ »•»•»«•» Ql CQLU<—w|— • • C*00 o^- CDXc^OX _IZO Zt- a£ M «•» •oxxxxx 3 XXX OCOO < ww^ || LU xoar—«o 3^
z O II II II LU o inmmm inin in h-h-h->»»Ow>- Q-LU 1- 1— >— i tOOoOi—
*
OCD3 U II o Z O U_—1 ~4 CM CM C\J CM h- UUO OOOOZ LUZ SZ + >^ < CCOOOh- 00 _J<
u. OQOtf — ~4--ro>* LU mOOn QCO M *: -J h- <Xh-<LUZZ< m^ •»>* 00 II II II Ql 000 Q.Q >oo 3 II II II II U>-i
<r OXCOLUi-i_J Q »^-sO—
-
II oo o^zo u II
O.OXXX < in ->—>- 3 OOOh Z5LU mO -J *Z<X ^o
00 Z>-*H-V-I— LU LU —<LU< o ujzz x ii ii Or* II II in < <axaca£ oz
«< •—OOOOOCO ca QSI-t z COLUmXQCIIlNh— Z< hU II ro O h--ns>t-atLUOO "—LUOO z<
UJOQiO hhi-zzaa. xz-jo xa.oOQCoo

















o -Q O (XO h- <
• Q.
• O Z
CO ~ — at — >Z • c£ lu — ccO O O h w <
—* LU LO h- Z
I— • </> 2J N-t HI
< aC I— O X O
-J or 2: <- <3 to + s: »- 2: —
»
O (/) -» o i ^ wX
_i - in o o xa
< • r>- to a a
Z #0 < *
z < ** a * 3-
>-< • —* co
_j zac"
< — —CO
-J X < ctH-Z © JH < N UJ t-Q. _IZ < <
o Q —1»- z ct ——0.3: 0:1— _-..«.—.acaQ O —X CO 2 SSX< ZZ OuQ. ^>-o«-
•ZS*< i-« «-» LU a:aC< »-»•-« oo*^-» «NJ
z 00a: x n-h- # xx —<—»—-z o
O —JO'S. Z I t- COCO* UO hl0CO< Q
h- _J »COZ of XX CO *•* LUO.aOI— O
— •oro--. lu — az. Q.Q.00X + + TOcoexr •O —ilulu _j 1— -j lu ——la 00 Y-yf-STO iQ o
CD 00 • I -J _i > COZQ.Z QO js oca: t- oQQ II — I — LU — O Ox-Co*-* OO 0£>-« ——• II CO II • II II
LU OO
-J "*< CO X CJCOOcO • • STS: LULU <3X • • JJOXQ. < O- Z QQU inOO D3 0Cc£~. || —.LU—O—
H» OO-^JwQ- X 3 >i" COCO O-Q.^ iti •S^nO:*J
5IO—II O. II CO II II II II LD II II LU LU ^—^i-i^Ln^LULUZ 11 11 + Ooc" • m 3 II II 3 ll II •^«i—m«"53O ma-* 11 z lu z 3 coco_»z j:z z xxa-acco clzz
oc jrzmz a: x ac o iia:HoaiMwjSMi]CMQ.'-y<fioSMM
u. cc*-* m>- 11 cot- h- »- z o.a.sj:K5:ji-iiHht-i-a«aai-<hi-


















































• X < •
CO 0> zr*-
k» f< h- •
-1 •» coin3 • •—t












^^ •* ^ •»
LU OX II ox
h- 00 OO
1-4 >0<NZCO(NJ





































CL — LU w
s: m ar ol
< i • -?3i
LU • LU »3"
X O CO-»-*»-
— •.OQOTfO CO
I— ocoluqCZ tiO -lirU
a. ouowa -jLucaoLuo
2 — -40. ii ii<uo«z<a. za.


















































h- — z «-< oc
uj a: >-«i
r uj o ^ k
< O • oo z
a: uj o — + uj
< (— -5 to*




00 *>» ••o o •
UJ Qooz • o
_j —uj< o
c0 *tcC » II
<r »au. ii — -.
— « _j » » o h- • Z
00 cc <o_o CL < LUX CM o
< < uj »j j zuj •-*
x > oeoo uj u_ >-«z v. i—
Q. ~ZTZ cC <— T. O
• U. —_J< X» aCUJ -» UJ
Q. O ivIU. •» OO k- UJT • —I
sr i uji-t oo uj i— h~ —« u.
< 00 OCCCO- UJ 00 UJ O UJ
a. o •• » •> CC UJ QO + 00 CC
•> ~ G.J2 Q. QC I- OX H» I U_3 Q ZO -J *fr
_
OO OUJ •• X * ZO —'I— <
00 1— »e£< UJ O <C_3 ^— h- O—• ~
O
i-i CC I •»- -J H hO O hZO Zin
a uj I colli a. z Zm zo h- _ic\i _iw » <q:co s: — «j< m oo oo
oo o — •• •» a o ac oo. — uj ozo o zt— o
oo <r co<—< orjuj z t * i-* :r <rt- z <x z
uj *• *a:c\j o i— <uj a. h- — «-» _i *-n _j
CC < -J *<-> LU • Z O O • HJO u_ .jo u_
0. X <0CCC MOO UJ • OUJ UJ *LLO LU U. LU
O LU •» •— • O KZ OO H- OUJ O C£ LU—O CC
uj 0:0—•
_j o o <_j • • «r ujqj—z qccnjz
Z LU -*<N < O o -JO r\JZ -J • «V-J -tt- -* •_!•».
f* Z H--»0 im O t— UJ OZ -J O O II »U- OLU LU OLU II LULL, OLU UJ
i— "-' i—x *- • uj no o«r 11(9 u < lulu mo<r our*--!) olu oicq o
^5 U» OLUZ i-i O oo Z -J z _J _iooa:< za:<z ZO •c£cO ZaCcOZO LU mjQ Z «"» UJ OO"-. <LL ;?<* < U-Z • QCOi-i <*•—UO«ZZ 0£0»-« c£«-i
cc o jo.: i-i a: <>- o*-> _i»^ o ^-jzii i— »— it k-xci— >— j-—- it i— i— i* h-
co asz ii ii -jz o ~u>— ii z ii z_j zu. ii z n z
o joo u_o zu. u-luu_< aa< olloolullco oocd a
oo M<jy o. z»-io <*^ <-»ct^QiQiooa:oiOi-iOocr:«QiQ[:oocx:Q;o
o o o o o o
-* cnj m >j- to so












— 3 h-Z 00
-I iriO LU OZ 3T <
< I— 03
uO to— </) z
lu O •* tm <•> a:
Oi U<N LU 3
Q. QS-> X O H
—O O < LU
O. * »Z "—X OiZ -*-J X -•
«• X + U_ 3 Q O
f-ZLU UL Z O—
»
KJ VlwOt: LU O < _J
»-w a: o<
oo QK"x. o as >-uj
ac z 1/} — x 0;
lu *—o 00 < a oo.
t- *o lu o. O *
lu z*o cc 00
z 3— # a. h- z —
<
< «~4_i x < os
C£ O I LU LU -».—Oi_«
^ o^** x 2? <r -CLQ-oa
Q. O* \- Q. a.—.-— •'—
•—O LU wJOOM
LU ONQ LU 00 X LU O0<< »Z O
|_ —.—O h- LU H- »— 0DLU3:O< Q
< XQ. • < a£ < <££•—LUI— OO -J JX<^
_J a. O -« -1 QQQ »<0 •
LU O Q-LU— 3 h- OLU 3 «_) OOOOLU
11^ O 3TQ O * + -«3 O II IK —» 3Z -J <-><*J _) 1- Z -J II X tl II
o** < Qu < o. lu zo« < jum a ~a:
<>— O 00 O 00 Kt— O 0.<<0.oOH-CO*-0
_|Z II LU II II Z ZUJZ«—< <z>-o
11.0 a: OO <a:*-u.iaxoLuz
mo iviol a. zoo a-a.CL<—a.oa<_)0£uj
o o 00
r- co ct>o

















o 1 LL ZCL




CO LU LU UI z ««
cc o oo LUU -J o
LU LU
-J"-" o oK H- O LUX z o
uu Z o H» LU2 < •
s •—
<
00 at M o
< •» -J CM *£ OO z «k
QC —
»
13 * O oj>- 1—
1
m
















_j M o o ii.2 2* < 00 OO
LU < o z z H- u V Q. LU
_ LU
-1 < < N4 LU z ac
23 CC o w <LU X 1—
•
+ a.
< » z 00 LU oOcC • u 00M ^ < *£ O -J o a<^ 1 o —4 LU
cc INI •i o o o • —4 o -tf >v C\J z
< 1 *• LU Q ZLU CCLULU h» —
.
o —
> OC Q. X <r_j a LUOCX Qi ^ a: L-
ft •» o » to t— v-JJO a o «. o
LL a z <£Z LUX OO LU o
o i 2 cc C\J z< o XI-< o X >^ cc
«» o •» LU * — o < 1 o co
z to *_j< h- * m-j OC LL •i «* *m. o
-J (X ILUH- LU —4 << »
»
<r o o h- +-4 00
o LU 1 LULU s: <\J CCO o a • o cc <
z 1— <occo < u O— Q LUZ o (3 -J 00 O
< t_> «— •> «• cc K- O LUUO • 00 LL a. H-
^» < cc--*-* «* 1 LUm • TZ-. o Q LU
CC *<T(\J O. ly o k^L •a« w ot. 1 ^
-J < -JLOO o K-O • o< X X o
ll X <a.cc LU o H- LUC0O _l -J LU i—
i
<
UJ o LU •» H- o >LU o H- »-i CL Q. 1- fVJ CO
CC OC>0-4 < • LLX • <XLL r S < U
LU —4(N _J —
1
«)- * JU>-i o u -1 CC z
z z i-#o O H- a 0<K ooluolu o *~ a:
o »— i—X o H Z^ LU i>LU^» (M"^ Ti '_> ~3
*H ll OLUZ _J LU< X -J LU II ZHZ .J II 1— z
h- LU wjO < *L OX o •tfLLO O— M < LU cC
u Q -ie.3: O O •-•>- •—
»
00«-> —(— H-i—iK- o _l ac o
z asr LU < z<.z LL l-O3 zoo X LL oooOooo LU LUZ
_ «ou o »-< aooau CC oClu
o o
- <N














«•» H-< z •
> O M« h- M M
— oO»-» • m« CVJ eg




•» CtO-J LLC* X —
»
• •
CD 3 QC _J M" r>
<r UJUJ >LU CC • •ft. «* >
_) QI> coco >* * >rf
> zk-o < MM O
or < O-J u. * Ml ac Ml
•* UJ z 1 H- »- t-
CO oo *c0 dec UJ •*> O z 00 O
< UJ< -JO z ac m — a •*
_ x»_z u. V- P- < 1 r»-X <UJ< oo co O 3! O3 o UJ3 > or • O z •
•k UJX xo CC O O »»• OZ X>-o0 <__)_! UJ 1 «• u_ •.
* M-OIZ Z_l —
•
> co UJ CO
LL OO •—«* • UJ z »»• • -J ft«M — • ^
or WQti ~-i «-«i (NO -4 'V -»<\jO —
1
» 2U. xo •• 00 UL —ft_i » Z m--^ ••
ac < | 00 •—JM. • — a CO + IC <* O —4 + on
H- aciuO 00 •-4 X «-» —- -COO. f- • + »cocl 1-
oo QZO t— 1 ^— —. .,.. — — IP < •*• •--4 »UJLO QC IT* •^ .UJ
a o— xuj •ft mr\j<\j<\jc\j»-» 1 ir> «» «Ot-<MO O O 'OhOO
~» UJ cc Ooo • -*r— -rf-H_
-
X v <\l •O + 00 • U. * •O 4-00 •0
QC z>< co u. w* ++ 4- +0 • O 1 ^OO • O l ^oin
T. —CO UL •ft UJ *Q1 •ft— 00 O LO •• »»/y an
oo H-UJ <rr-i • • • • • • X • *£*:* + +0 * • 5^^i<r + +0













- - 1 1 1 ^sX
--^<r<o^^<o
l-20>0<000« ZOOoC<m. 1- UJ OOH-H- zoOa:<'
UJ 300I OX UJUJ co co 00 00 ujw<.*tjjs:>— «j X C00000 UJ^»—'UJXI— _J
z wzx O OOO.M-1— J-H-l— • <t <arO awKtDOo •c1 M- «3C3 CLKl— CDOO •
—« Ml 1-4 h-CO U.3000Q0O -J 1LU2QOS ^r-uj uj3aas ^UJ
k. 00*£IJL 00 ULLU_J_I_J_J_JUJ 11 11 11 r3uu_i_j-» 11 11 aim-lO *: II II II - II QC->
n wa: C£UJ ozaaaaa • 2 ;Z2Q.Q.2 < z Ct. ZZO-O-Z <z
o X<00 -•X X a^^i-• iti^srcH-4 < CL^iti— ^^3:^
Cti I-Sm. ilm- -j_
1
J_J-J-i_J — z LUCtCOh-JJJJQloOKh s: UJ cC 1- —I -J -J -J aCOOH
CO jjIjjjjjw H-<:•-*ZJJJJ<W— z h-< ft^ Z_J-J-J_i<<-"-Z3 <<<<<<<u. 00S^-O«<<3E>-U.OO 003!t-O<<<<3:i-U.O
00 uuuuuoo« ooouuuuuoomOU OOOUUUUUOOmO
1
m >0 r«-


















































s<£ — «o o I a:>>
ocroo -4-* •i|wujar>-
«*t-i • r\J h-h-CO CO t—ZI Oil mOOSII luOluk UJ ll _J_j^ un^t--) s<£2 »a oo-clZq. z z a:



















•• X >* —
_J < -.^
< O—* -"-
> > • | •—
1
> »o 1
> Q oo< ••
Z CO • »»o






It •J-N*" * »
-^-^^s>
— • </) • iHl^
m-»-H
_J OO • •
^<\i + in LU • «o©
+ —•> • CD mm » «
•+> < (NNOO
> *o —1 • • • •
>>- *<_> + ooni't0>L02 >- •»•»»•»
"Of • •-"i_l z LOLnmm
• LOi-^ *0>.< M* • t • •
»o » «o o> C r0v*-OO
LO-^O •«- > a. i^ « !.«.»W
^>- • 1 Oac + > _J_J_J_J
>0 II '-'^-LU a > OOOO
oar i->-co> -i CD COCD CO
• 11 noo 3:> II LULU _j srss
LO II J-J^Of T>!3 •4 ^i-Wjoaaz -JZZ z LOOOl/)l/5Z
II 0<LO II <«-••- >—
1
a:
z>m_i-i-J >t— t- LU -J J-J-lr>

















-I — oo. z
luO. Z OJ eg
X I *-h< >
p-Z »-i-»wca „
< -»hSo 2T




uu zx—< o *o
m-»— *QOT JQO? .*
-»>t — <f -»,* >* > ^ —»± & -a-
< —»xoa: c_9«a_it~i •>%*••>*•> ^ •. •> > « • n» •»• <»• «Qz or •—ia zw3i o +o +o + o -»o —.o >to +o <Nio fvjo m
p— st-^oOO »co<<_j o oo oo oo *o +o *o oo *o *o »Z • * OX •» U. •» •* » • • • ••> • •» •»•• •••»©» • » © •» O * O<0 _JOQ-— *(\l>0 ^ Of\» Or— O. O OK- •< 0< »Q »0 •
Zt- <-^S!i-i OUQZU O *0 < •• • •< OK— »0 OO OZ O
>—UJ UJ«—p—O _J » *UJZ X »^X CNJOC* <\|H OtNJ OaC »LU <C£ »C£ »!- *
p- aOeOO U-«SXw CC Oct: Oct: -iq »o *0 <ncO H-oo ooo on3 O
CC » •»> —-i ZUOth- » X XX XX XX -«X (NX HI ojX ZX «x 2
ujoj — •—»—» <t «aoM >*• cc^t ac<t cc-f u<* o-* o-* &*t <st o^- >-*
cl_j hsi— -^«s »nz »x •• <3 - a •» a • cy •> o* ar * o •> o» • en orO i -.op- >-'0^c-3 » r- r- *r- *« •*r*- *r«» fcC— •»»- m«- o^ •>*»—• »
ooz asooo a.cc »lux o r»-o i«-o r^o r-o r*-o r-o f*-o n-o onozn
p— <t "O-^J » »>>cq<i • o» o» o« o» o« o» o« o» c^o «*«o
—z a.p-*»»a. zh>iz o »o »o »o «o »o »o »o »o »oh- •
o.»-<uj i «-*a.or 30 »p-< » o* o» o* o» o» o» o»> o» no »"<o
>a£0 QlS •• »a:iui- O «.in »o »An .-o »tr\ »0 »<n »»o »ir»o •>
h-Q.O »Q.<—. < »-Q. »UJ—. • O^ iniTi 0(M ino ON \T\\£\ 0(M ITiO OlONJU*!
»- uj X »S(nj h-co •»< »m o #• n« in • (\j« o» f» • \r\ • <\j. 1—0 •lun-
—LU3 I «•»>—w u|w<SOh -j 00s •CT' »^ tC^ «0O »00 too »00 O «N-0 •
"Z"Z <-hoDcO CQOQ.OUJ+ •• pH» O* 0*» CT«» s * 00* CO* 00* C?00 •> ^
X>—• * —o »^ *o •»-«co •• in *m *in *m *tf\ *m *m *tn *ir> *irw. ••
cot— lu ooo— _j -^aftit/xr • (M irifvj m<\i mrvj iruvj mcvj irirj m<\j mt\j — mrvj ir^
o_-)_j -<-*>.—.r\jto^x.p-o—• • •• •• •• •• •• • tit •• •• O • •3T •
<0O J^OQfHONMlijUJ »^4-* (VJ-^ fM-4(\4<\|-H INH Nh r\J^QfM-^0<Nl^t/) •fM^Q^CM
uiz <<o •oocuja.-j'N. •*«-•«* w.^ •»^«pM'«^m> —— •—«* w—<—w(/)w—-•o^—-o*-
a3< LUO.H—.o »z •ozozj^oijiNjotjoacj a:_j q:-j a:-jr-a:_i_ja:_jo «a:_iza:
luO c£ «—ro-H^ h-lrsiZp-'—UJOOuuoouJOXUJO tuO LUOtMUJOUJUJOOUJOOO'UJOfMUJ
Zcouj ZX——i<Nju.-H<cop— a. cq a: co oo oc co co Qia3 co coco coco^cococococozcocoa:uJcQco>co
*- o i-qo.03<usos\O2S 3:2: rs ssnrsfvjssyzs 3:s<5:s:od its 2:
p-t/ic* >-4i-.0<p- X _JLU> II 0> 11 X>> II 3>03>>03> 0> II OV 0>- (/50>llO0«-0 oonrjiiJ2Za:2Zazoo Z(-0 Zto Zoo Zoo Zoo 11 Zoo Zoo 11 Zoo 11 •-Zoo zQIO hZI-XOQO »0O -h (\| fsj || || < Q
OTr-OO -IUJC0O «rXNSSJJjOJJOJJHjJ JJ -J Jf\J_J_JI— _J-JO-J J00C7_I_JU-J
CO as S2T-<xs-J J_JlJ_jXJjI-JJH_»jrvj_i-J-*_j-JLU-J_JZ_JJ—"-* -J-JZ-J
o s:*-i ooooo<«c«<ci«c(:«o«u«u«ca<««Qu.<<«<




»* — «*• — <* >* >j- -»>* ^^- —>*• —
O + + O OO (N O + O + O + O +
— • •»•»••»• + •»•••«•»oz o OO OO OO o OO OO OO o
_j>—'3 * • • • •» • • o » • » •*> • •» •
0.<>-i O OO OU OH- • < OO OO OO O
s:< ui »>z »z »z o x hjj »z *z •
0.02: cd ow Qw ua * o o<x> oiu o*-* oSQO 1X1 LULU ZLU ZU. ** 00 n-H- LUH- ZW Z
< O X COX UJX *-»X X X Wl COX LUX •-•
x >j- o^ czr-4- o«^ ar ^- ar<t axt- at<t or
lui— lu •> »•> * »•> » » •. ••> ». • •»
oaJ r«» N.h- r»r*- r—^ r» ^ ^»r»- N.r- r-r- r»QLUO o o 00 OO OO o o OO OO OO o
waz 00 t •• •• •• • • •• •• t • •2 < OOO OO OO OO O O OO OO OO o
-*— * » m »•> » •> » » •>•> •>•> •>> •»
Ooovo o oin ino om in o om mo oin in
iuluiu oa • ••"» ^m mc\j cm • «r» ^in inc\i cm
•hwm H-H-O O • •• •• • O O • •• •• •
_J_j_j -j ^-iO*1 OCT* OO"* CJ* * —•0,s 0^^ 0<^ O
0.0.0. OO » »•» * •» »•• •» •• * •> *•» •» • ••
zrs 000 00 00 00 o o 00 00 00 oMmm • •• •• • • • • •• •• •• •
——»**Oin<fx in »*• m>d- in ** in <t-om»froinborn
-rnjro -»m^-aj-*—<•— —^» «. w<w«-iuw^-z-.wz—
>
• •_icoct—iXoi_j ct:_j ac _JSa:_jGaa:_iuJct:_j»-iQi
11 11 11 Oroo<LuO<UJOOUJO ujo ooluoxuuoxluoxuj
LULUcOH-COcOH-COCQZCOcO COO cO'-iCOcOh- COaOt— COCOh-CO
0.0.0. o-o.> ov. n*- o>-xo-*o>- o*. r>>. o>- otj
>>> »LO 11 Zoo II Zoo II Zoo Z Zoo II Zoo II Zoo II Zoo 11 ZZZ




























































U. O ft -»
—O Z VX N»
zi ^ r*»-* >*
i • > • •> r>- •.
»•<-» » to in- • x
*»-* zz z * —i tt m av
o:o cc * < to v»u_i^>»^ *
UJO OX ft- ft* ft. •"CLh-H-U. "
o-* za a q «xa • • * h-
uj— —»< < o "vinin minx to
h-s >o a: a. r-i-t *tu—•—<m >—




«Ot^C5U Z » »x.in ftlic^ftft- V. I —
Z_lO_l ft- co - -IXO^XXII Q\ a. —
-»>O<l0 Q <U.NQO(M>X UJ. O wO »Zh-Z O— <Xh » ft<0O ft ftO. MUJ O X
*-—»«tuj< too i—a.<x» I— - » • < —» H4
—j o c£ a.
>t-* ftto * — uuo iu<oo>huj ft ii no to _io z to
*OUL »> — _JO COO ft<\|<DX^<Mft ft4 <Z ft* ft —
.
-jo »<\jo o c3 • » ft»-- a- m>> * a s< o. to *-
<-<OU» _J ZfSI 403 II I « • X O <* •— —
ujw_j fts: (j < i-XarMaixp- » «in a: atu * a <
aoo^a: z ^ uj .zu« in «xx •• to zto o a
»>Zi_)0 < o <fi<\i»—" •» •mininr- v. . < > a£ *
— •< »z <— v-< *> ftxr»»H » » • — i ftx o to —
rvj—
. ft<M> z ft. <\j fttuxin •u_f^r-in —* a. xn. » —
i -*—o » « ouj osoin »m •. • »^ a o *-• * to w
ocoa.a£> to ujco cccccc »r-^xmmu. «-. cc o —* » «* sr
ftO » »> Q iNI«— ODN »U_lM-^-^ ft O-H — a£ »X -» X C£.
Q.-*Z»* • — -<zO tin » ftU_u_- OU * z wo • rg —t a. XO
I w20x ->*—x _jz OcMtoin^HX. * » o _w uj-< i to •• a.zOx "oco. <m <o- <•— cr> -<u.ir\iixxi •n% —• h- z o » i-p»->a. <>
»a.< •• •• ou»h-< oito •. ftUJu. » »co>o»oa- —• o < — z» -or o *X »^t0< "V UJO UJO (M-^H- »X- ft- •• «0 —u. w C Ol < • KO< «•
I —ujft-Q. -*#co z xxo>»-xco ii o- • z -j a: k-o. <oca v«-«
a:<--cnQ •. o •** uj*a.o. •• »zo *o u iiu. <» n» mil < toz oto •• w
towo ftoo -oz o «-*Zw^. <airru. h- oo a •— «a _i > —>
ujaso-^ar^ o*- to tooocio^u. »n arcjaCotri <•— rsj ^ q _ju_>»i— «—>•
z» -^<\jtOft- tootOft- ujft- o- » -H<ra:r3Q i qo. ro >» l * uj ftO to *«
«--JwOv.q. O #QQ cqq*#-»z * II OH-3ZZK --arcM's. -ft fta: -« —ft- >—
U-<<qCUJ » 0«3" O O O-^X-'XUJO'-^nJO—<* * o o o <oxo +•—O0-t0>0
ujo. ftzcg o^w>»a: za:s2:o>inoa:cQto>>o> * -^o i-o<Mto it —r< o
Luoi -^ft— < to <toa£a:o *<m» ••-•-• oos voo ujomoo -^>qc<x ii o
Z zcmu-O o>^o o oa-^ls * » * * * » •. i oo <\j a: • co<\j*vuj-Hft-!>->OLa.o- >tNl-auM X II II ZZ ftQ-'NXXXXXXX 00<NJO<^ ^ **nc£ z — ••
—
—.— at oh < —4fMNOO"^mmmminmin(M • »o o u n nOwq. + o ii ii i— ii ii «-ivOOOtOZZ ft OHtO I—X>>—OI— ~<-*-4~«-*^-H>>J-<\j || II -I— O U- ww
Oft-zaacsj o — ujo. luc£< ii ii cm ouj< zo—> —sujQtjaisj-i






























ala 2: — CM
O.UJ » < O "VQO < \- O —
LHU > H- LU O •
a:»- h- LU X • -H
oOZ o + oo CQ I— O
** oo I-"
«
CM •w •» +
oo •» _j <t a * •» z —»
<——0-0 1— •» — ^ ^CC
oar »2 UJ ,-»^« 00 < —O
o--00< CD
-•s a 1— —
»
M
C£>J"UJ » o i < •v LU »-* —
.
H-*v
oo* ecu. * Q ri- —
•
X < a: Z
»__£. • O wLU ^ 1— 00 —a:
oo< »o "» • — ^X a M Ql *
<LUin1_J • —CM 0m <>- UJ z * * *




Q. +C£Z V. a i 1— -J CO 00 00 —<<—
.





Q-rslO » • —CM (£1 QOO«— "V CM Q —
z
s: i z»- —4 z* Q<M»- «-• O O -j —«
<0£-J0.
_J* * * DC S£ a: a: •*u_ _i
Q. •Hi. * + o>o> *oar u — _J 00 LU <
•cluz IT»H-Zh- O Q 1— 00 LU U_ —a: LU
> 1 QC2 Z 00<cO Q OCM O X >»LU # M>» ac
^•O * * w Ow» 1 ' O o*a i a: —0 a
00 *_J< •— i-azo • •* o * —
»
•» z Q-Q •»
-IU.W 1- tm* CM CM*-* O - >-* 11 3 xo OO 1 LULU Z O 1 oO + •a* CM-~a ac < 1 LU • <
'-<o:cd— mOO q -»>* 1 ooo 000 •» Q^ 2:
a— •» •»©
_l 1 «*OOZ 13 • 00 Q.Z O . 1. »> 1
o_cqi—^o » C5 —«2mQQ_1 O 1 1DO —1 n 4- — 0-O.Ol
:? <(mo 3»'mjzoOO < «^— W 1 u. * r nj-x-
<—
_JOOO • O<0»O< • •z JhOOX X LU • «-_jOcm
u,<a.aco Q* •Zh^O< »uja • -I _i -hq:_j OQh-QOO oo<<z
UJ •» • ozuj«'» •— ^lOHQ. a CM U. —OLUOLU CDLU3!<
LUoCnO^O •*o«—o^-oi—
—
i K «ot 2: 0-»LU X •cc .a: <toc*-*y-Z ^(MQ CM* • co oCQZ II ~* •O CL~*c£ _j —1 >—. ,—1 a.
,
-t QQQ<H|-#UO LU —ZO II OOh + II ^QOUJOUJw • LUQ, Qw oluo a
>->—X • r> II —UU CO #Q s: no A3 rs 0*^33:11 +• ^•^^3 II II3UUJ20 Z I OQOQ^«S ST LU II Z II Z II LU ZCJ II Z II II ZOmjo-omz-z < — so<ii£X o>-> «-> •oC'-'Qi- aza« -JO c£.
Qf:_IQ.5: >-_j < II I— II II -4-^00"->h-H'-il-—12! H- LUOO )-|-0.<<oOZ)
020.2:3: II II ZO — LU II II LULU—< Z<ZIL- II Zll QiUJ II II Z2lLU2:<r!-0
r32!Oa 02 U.QICC 2: OXXU.0OOO0OOUJU. O *->cC aO<Qi'-XLUZWHuaazu< MQHQasJQHo'HQ.uuaoci'-iQtuNQa azoodaaadiu
o 000 o




1. Tien, P. K., and Martin, R. J., "Experiments on Light Waves in a
Thin Tapered Film and a New Light-Wave Coupler", Applied Physics
Letters
, v. 18, p. 398-401, 1 May 71.
2. Kuznetsov, V. K., "Emergence of Normal Modes Propagating in a wedge
on a Half-space from the former into the Latter" , Soviet Physical
Acoustics
, v. 19, p. 241-245, Nov. - Dec. 1973.
3. Tien, P. K., Smolinsky, G., and Martin, R. J., "Radiation Fields of
a Tapered Film and a Novel Film-to-Fiber Coupler", Transactions
on Microwave Theory and Techniques , v. MTT-23, p. 79-85,
January 1975
.
4. University of Washington Technical Report 209, Ocean-Earth Acoustic
Coupling
, by Sigelman, R. A., et.al., May 1978.
5. Kawamura, M. and Ioannou, I., Pressure on the Interface Between a
Converging Fluid Wedge and a Fast Fluid Bottom , M. S. Thesis,
Naval Postgraduate School, Monterey, CA, 1978.
6. Coppens, A., Notes on Sound Propagation in a Fast Bottom, (Informal).
7. Butkov, E., Mathematical Physics
, p. 616, Addison-Wesley Publishing
Company, 1968.
8. Netzorg, G. B., Sound Transmission From a Tapered Fluid Layer into
a Fast Bottom , M. S. Thesis, Naval Postgraduate School,
Monterey, CA, 1977.
9. Jensen, F. B., and Kuperman, W. A., "Sound Propagation in a Wedge-
Shaped Ocean with a Penetrable Bottom" , Journal of the Acoustical
Society of America , v. 67, p. 1564-1566, May 1980.
10. Sanders, J., The Experiment: Transmission of Acoustic Waves into a
Fast Fluid Bottom from a Converging Fluid Wedge , paper presented
at the Workshop on Seismic Propagation in Shallow Water, Arlington,





1. Defense Technical Information Center 2
Cameron Station
Alexandria, Virginia 22314





Department Library Code 61 2
Department of Physics and Chemistry
Naval Postgraduate School
Monterey, California 93940
4. Department Chairman, Code 61 1
Department of Physics and Chemistry
Naval Postgraduate School
Monterey, California 93940
5. Mr. Robert F. Obrochta 1
Earth and Ionispheric Program
Code 464
800 N. Ouincy St.
Arlington, Virginia 22217
6 Dr . W . A . Kuperman 1
SACLANT ASW Research Centre
APO New York 09019
7. Dr. A. B. Coppens, Code 61Cz 1
Department of Physics and Chemistry
Naval Postgraduate School
Monterey, California 93940
8. Dr. J. V. Sanders, 6lSd 1
Department of Physics and Chemistry
Naval Postgraduate School
Monterey, California 93940
9. LCDR Norine A. Bradshaw 1
99 Corona Rd.
Carmel, California 93923
10. Dr. David Blackstock 1
Applied Research Laboratories
The University of Texas at Austin








c.l Propagation of sound
in a fast bottom under-
lying a wedge-shaped
7 uymwlium. 3 6 5 9 *
Thesis 190996
B7S716 Bradshaw
c.l Propagation of sound
in a fast bottom under-
lying a wedge-shaped
medi urn.

